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What is already known

Capsule
Summary

medical education.

What is new in the current study

Point-of-care ultrasound (POCUS) is a bedside ultrasound exam performed by clinicians to address specific clinical
questions. It has found widespread use in emergency, trauma, and critical care medicine and has been integrated into

The review offers a comprehensive overview of the various types of POCUS utilized in emergency and critical care medi-
cine with the aim of improving clinicians’ understanding of POCUS indications and limitations. By addressing these
concerns and offering insights, this review contributes to the optimization of POCUS use in clinical practice.

INTRODUCTION

Point-of-care ultrasound (POCUS) is an ultrasound examination
performed and interpreted by the clinician at the bedside to ob-
tain specific clinical information. Although first used by clinicians
in the 1960s, POCUS had not become increasingly popular in the
1990s, which subsequently resulted in it being labeled the “visual
stethoscope” of the 21st century [1,2].

POCUS exam had been designed to address a specific clinical
inquiry with a focused, goal-directed evaluation. Its objective is
to either "rule in" or "rule out" specific conditions or answer a
"yes or no" question [3-5]. By contrast, a comprehensive ultra-
sound (standard consultative ultrasound) performed by radiolo-
gists or cardiologists thoroughly evaluates the entire anatomical
region. Ordering, executing, interpreting, and reporting such
comprehensive ultrasound examinations typically take hours or
days, whereas POCUS examinations provide clinical information
in real-time within minutes. Recent studies have shown that PO-
CUS can increase diagnostic accuracy and significantly reduce
physicians' diagnostic uncertainty [6]. Moreover, most patients
admitted to an emergency department who agreed to undergo
POCUS of the heart, lungs, and deep veins reported “very low"
discomfort [7].

Clinicians have also released statements advocating for POCUS
[8,9]. Additionally, undergraduate medical students who have en-
countered POCUS examinations earlier in their medical education
have gained a better understanding of the clinical applications of
POCUS [10]. POCUS has become increasingly popular in emer-
gency medicine (EM), and so has POCUS education in residency
programs [11].

With the increased use of ultrasound in emergency and critical
care settings, countries with emergency rooms and intensive care
units (ICU) equipped with an ultrasound system have recently
implemented health insurance coverage for POCUS in emergency
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and critical care areas. Ultrasound practice is facilitated by stan-
dardized scopes and indications of use recommended by each
country [12]. Although POCUS has been a rapidly growing tech-
nology in emergency, trauma, and critical care medicine, some
concerns have been raised regarding its patient safety, which in-
clude overuse, inaccurate diagnoses, inappropriate usage, and ex-
cessive dependence on POCUS [13,14]. To improve patient care
and prevent unnecessary cuts in healthcare budgets, proper pre-
scription, application of POCUS, as well as documentation of its
findings, are required [15].

This paper aims to comprehensively review the different types
of POCUS used in clinical practice for emergency and critical care
medicine, so that clinicians performing POCUS can better under-
stand POCUS indications and limitations.

POCUS ULTRASOUND: EQUIPMENT AND
INSTRUMENTATION

The miniaturization of ultrasound machines and the increase in
computing capacity have facilitated the development of portable
ultrasound devices [16-18]. Currently, a vast selection of ultra-
sound devices is available in the POCUS market [19]. Given the
developments in signal computational capacity, even the smallest
mobile devices now provide high-quality images. Moreover, the
price of POCUS has decreased dramatically, making the technique
more accessible to physicians.

Several types of ultrasound machines have been used for PO-
CUS, which can be categorized as "compact cart-based,” “hand-
carried,” and "handheld or pocket-sized" (Fig. 1). Compact cart-
based devices are designed to be brought to the patient's bedside.
They possess the most advanced features with powerful proces-
sors and have the largest screen size and memory. However, these
devices have some disadvantages including their large size, less
maneuverability, indoor use only, short battery time, and high

www.ceemjournal.org



Wookjin Choi, et al.

Fig. 1. Three types of ultrasound devices for point-of-care ultrasound. (A) Compact cart-based. (B) Hand-carried. (C) Handheld or pocket-sized.

Fig. 2. Portable ultrasound by connecting a probe wirelessly with mo-
bile phone applications.

cost. Hand-carried ultrasound machines have a clamshell laptop
or tiny television design, with recent devices using touchscreen
displays. They are relatively lightweight, which allows for easy
hand-carrying. Additionally, they have an extended battery time
life and are capable of producing high-quality images. However,
they have fewer advanced features and lesser storage space or
transducer attachments than cart-based types. Pocket-sized ma-
chines are the most portable devices with the lightest weight,
longest battery time, and lowest cost.

However, they produce relatively low-quality images and pos-
sess fewer features or workflow processes. Although this market
is still very nascent, it is developing quite rapidly. New machines
provide a mobile application-based system in which a tablet or
smartphone may be transformed into a portable ultrasound by
connecting a probe directly or wirelessly (Fig. 2).

The practice environment needs to be considered when choos-
ing an ultrasound device. Cart-based devices may perform best in
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an emergency department or ICU but not outside of the hospital.
In contrast, pocket-sized devices, while convenient and easy to
use, may have limited features for in-hospital situations. Future
technology development would provide a more cost-effective
POCUS device.

FOCUSED CARDIAC ULTRASOUND

Focused cardiac ultrasound (FoCUS) is used to rapidly assess car-
diac anatomy and function in critically ill patients at the bedside.
The five basic views recommended for FoOCUS examination in-
clude the parasternal long axis, parasternal short axis, apical four
chamber, subcostal four chamber, and subcostal inferior vena
cava (IVC) views [20,21]. Grayscale ultrasound is used to evaluate
cardiac structure, during which depth and gain adjustments
should be set for optimal visualization. Color Doppler analysis of
the mitral and aortic valves to identify regurgitation may be in-
cluded in the examination [6,22]. Assessments with FoCUS can
identify several causes in time-sensitive clinical scenarios related
to cardiorespiratory symptoms and signs (Table 1) [15,21,23,24].

Limitations and special considerations of FoCUS

The limitations of FoCUS related to patients include body habitus,
surgical dressing or chest drains, and subcutaneous emphysema,
which may increase the difficulty of obtaining clear images dur-
ing a FoCUS examination. False-positive or false-negative results
may occur due to off-axis viewing when scanning is not per-
formed in the appropriate position for optimal image acquisition.
Additionally, FoCUS has limitations in verifying some cardiac con-
ditions such as pericardial fat pads, cysts, preexisting or small
pericardial fluid, diastolic dysfunction, valvular diseases, and pul-
monary hypertension [25]. Comprehensive echocardiography or
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additional diagonal modalities should be considered for a com-
plete evaluation of uncertain findings or complex clinical presen-
tations.

To perform FoCUS accurately and effectively, proper education
and training are required. FoCUS training typically includes a
combination of didactic instruction, hands-on training, and su-
pervised clinical experience [26]. Trained physicians should be
able to demonstrate proficiency in obtaining and interpreting Fo-
CUS images before performing the examination independently.
Continuous quality improvement and education are important to
maintain and improve the accuracy and reliability of FoCUS.

Table 1. Clinical scenarios that require focused cardiac ultrasound and
what can be identified through assessment

Scenario Assessment Identification

Aortic root diameter

Intracardiac mass or Acute myocardial
thrombus infarction

IVC size and collapsibility Aortic dissection or

LV dimension and aneurysm rupture

Acute chest pain
Cardiac arrest

Cardiac trauma
Dyspnea
Undifferentiated shock

Active hemorrhage

contractility Cardiac contusion
LV regional wall motion  Cardiac tamponade
abnormality Gross chronic heart disease

Pericardial fluid

RV size and strain

Valve morphology and
regurgitation lesion

and valvular abnormality
Pulmonary embolism
Volume status

IVC, inferior vena cava; LV, left ventricle; RV, right ventricle.

B lines

Point-of-care ultrasound in critical care and emergency medicine

THORACIC ULTRASOUND

Thoracic ultrasound has been increasingly used in the management
of patients who visit the emergency department due to acute dys-
pnea and respiratory failure. This is due to its effectiveness in aid-
ing decision-making for differential diagnosis and treatment. Un-
like simple radiography and computed tomography (CT), thoracic
ultrasound can be quickly and safely applied to patients, making it
an effective choice for early imaging examinations [27,28].

Clinical application of thoracic ultrasound

Since Lichtenstein and Meziere [29] announced the BLUE (Bed-
side Lung Ultrasound in Emergency) protocol in 2008, experts
[21,30] have suggested the use of lung ultrasound for pneumo-
thorax, alveolar-interstitial syndrome, pulmonary consolidation,
pleural effusion, and neonates and pediatrics, with robust evi-
dence and strong recommendations in 2012.

Normal lung pattern

When a normal lung pattern, characterized by a bat sign, A line,
and lung sliding are observed on lung ultrasound, pneumothorax
and interstitial syndrome can be excluded (Fig. 3A). However, when
a normal lung pattern is observed in patients who complain of
acute dyspnea or breathing difficulties, airway diseases such as
asthma or chronic obstructive pulmonary disease, may be consid-

Consolidation

Fig. 3. Various lung artifacts. (A) The A-line artifacts are created by reverberation of ultrasound waves at the pleural line. (B) The B-line artifacts are hy-
perechoic vertical artifacts which extend from the pleural line to the bottom of the image. (C) If consolidation touches the pleural line, ultrasound pene-
trates it directly, resulting in visualization without artifacts. Each arrow points to the corresponding artifact finding.
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Fig. 4. M-mode ultrasound images . (A) Normal lung. The sea-shore sign in M-mode ultrasound. P indicates the pleural line. (B) Pneumothorax. The strato-

sphere or barcode sign in which there is no movement below the pleural line.

ered to have caused their condition and not problems with the
lung tissue itself.

Pneumothorax

The absence of lung sliding may indicate pneumothorax, which
may be confirmed through lung point observation (sensitivity,
91%; specificity, 98%) (Fig. 4) [30]. However, care should be exer-
cised for tension pneumothorax, including the whole pleural cav-
ity, given that a lung point cannot be observed in such cases.
Checking the lung pulse and B-lines can ultimately exclude
pneumothorax.

Interstitial syndrome

Interstitial syndrome can be diagnosed through the presence of
more than three B lines in the intercostal space (sensitivity, 94%;
specificity, 92%) [31]. Although pulmonary edema due to heart
failure is the most common clinical cause of interstitial syndrome,
various other heart and lung diseases have been shown to cause
the same condition (Fig. 3B).

Consolidation

The most common clinical cause of consolidation is pneumonia.
Given the various locations and forms of pneumonia, various pre-
sentations can also be observed on thoracic ultrasound (Fig. 3C).
Subpleural consolidation and tissue-like patterns are typical and
can be diagnosed even if a shred sign or effusion is visible on the
posterior examination (sensitivity, 94%; specificity, 96%) [32].

Effusion

Pleural effusion can be easily diagnosed on thoracic ultrasound,
which is superior to radiography and CT in measuring the quanti-
ty and predicting the properties of effusion. Real-time ultrasound
guidance can also help physicians safely perform procedures,
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such as thoracentesis.

The BLUE protocol

The BLUE protocol is a fast and accurate bedside lung ultrasound
technique for diagnosing acute respiratory failure. It involves
scanning three points on each hemithorax and identifying specif-
ic ultrasound signatures. The BLUE protocol is part of a larger
framework for critical care ultrasound [33].

ABDOMINAL POCUS

Abdominal POCUS can be performed in any patient with abdomi-
nal symptoms complaining of abdominal pain, flank pain, and a
distended abdomen. The advantages of POCUS include rapid per-
formance, avoidance of unnecessary radiation and contrast expo-
sure, quick diagnosis, and potential reduction in length of hospi-
talization and costs [34-38].

Clinical applications of abdominal ultrasound

Right upper quadrant of the abdomen

POCUS for right upper quadrant (RUQ) pain is a useful tool for
evaluating acute cholecystitis. The most significant positive find-
ings are the sonographic Murphy sign, the presence of cholelithi-
asis, gallbladder wall thickening, and pericholecystic fluid collec-
tion. Dilatation of the common bile duct can also be identified in
the RUQ areas. Recent studies have suggested that POCUS per-
formed by EM physicians and radiologists had similar accuracy in
detecting acute cholecystitis [39,40].

Renal and aortic ultrasound

Renal POCUS aids EM physicians in detecting hydronephrosis in
renal colic patients. Additionally, bladder ultrasound helps detect
ureterovesical junction or bladder stones, and the absence of ure-
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teral jet in patients suspected to have obstructive uropathy [41,
42]. POCUS of the aorta includes measuring the diameter of the
abdominal aorta and inspecting for the presence of an intimal
flap in the case of aortic dissection using both the transverse and
longitudinal ultrasound planes. Moreover, aortic ultrasound can
help emergency physicians identify a ruptured abdominal aortic
aneurysm (AAA) with high sensitivity and specificity [43,44].

Various gastrointestinal diseases

POCUS is a valuable tool for diagnosing various gastrointestinal
pathology. POCUS findings for small bowel obstruction include
increased loop dimensions, increased or decreased peristaltic
movements (to-and-fro sign), and enlarged and visible valvulae
conniventes (keyboard sign) [45,46]. In patients with right lower
quadrant abdominal pain, a noncompressible tubular structure
with a target sign greater than 6 mm in diameter at the site of
the appendix is suggestive of acute appendicitis [47]. In women
of reproductive age, pelvic pain or lower abdominal pain can be
caused by ovarian torsion or ovarian cyst rupture. Due to the dif-
ficulty in diagnosing ovarian torsion or ovarian cyst rupture based
on symptoms and physical examination alone, POCUS has be-
come the primary modality for its evaluation [48].

ULTRASOUND-GUIDED PROCEDURES

Ultrasound guidelines, including those from the American College
of Emergency Physicians (ACEP) and other organizations, should
incorporate guidance on procedures considering the integral role
these procedures play in patient management, as well as in en-
hancing the safety and efficacy of interventions [49]. This im-
proves ultrasound technology has widened the scope of guide-
lines beyond disease diagnosis and management to include pro-
cedural guidance to ensure optimal patient care in every setting.

In critically ill patients, bedside needle procedures such as cen-
tral venous catheter insertion, thoracentesis, and pericardiocen-
tesis are frequently required. Ultrasound-guided procedures have
significant advantages over landmark-based approaches [50-54].
The increasing availability of ultrasound machines, and portable
devices, as well as the continued emphasis on patient safety in
critical care, have contributed to the growing utilization of ultra-
sound-guided procedures.

Ultrasound-guided techniques can be classified into two cate-
gories: static and dynamic. The static technique involves using
ultrasound to locate a target structure and fix the medical instru-
ment, whereas the dynamic technique enables continuous visual-
ization of the needle or instrument as it progresses toward the
target. Both approaches have advantages and disadvantages.
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Ultrasound probes can be positioned in three axes: short (per-
pendicular to the structure's long axis), long (parallel to the struc-
ture's long axis), and oblique (at an angle to the long axis) [55-
57]. Each axis provides a different view for visualization, with the
short, long, and oblique axis offering cross-sectional, lengthwise,
and angled perspectives, respectively.

After positioning the probe in an axis, two techniques are
commonly used: in-plane and out-of-plane. The in-plane tech-
nique aligns the needle or instrument with the ultrasound probe,
allowing direct visualization of both the instrument and the tar-
get structure on the same ultrasound image. Although considered
accurate and safe, this technique requires precise needle posi-
tioning. The out-of-plane technique positions the needle or in-
strument in a different plane from the probe, resulting in sepa-
rate visualization of the needle and target structure [58,59].

The choice of technique could depend on specific situations
and practitioner preference. However, practitioners need to be
proficient in all techniques to ensure optimal outcomes [60]. Mi-
cropuncture needles (21 gauge) have become popular in EM and
critical care due to their smaller size, reduced bleeding risk, and
improved tolerance for multiple vessel wall punctures [61].

TRANSCRANIAL ULTRASOUND

Patients with altered consciousness should undergo CT or mag-
netic resonance imaging to rule out intracranial lesions. However,
these imaging modalities are not always available, and transport-
ing patients with unstable vital signs for radiologic studies may
be challenging. In those situations, immediate and noninvasive
bedside tests are imperative.

Transcranial ultrasound (TUS), which was first introduced in
1982 had subsequently become a routine clinical procedure for
qualitatively and noninvasive evaluation of intracranial blood
flow [62]. The development of B-mode ultrasound has helped cli-
nicians evaluate the brain parenchyma. Despite providing inferior
quality images compared to CT, ultrasound is capable of providing
sufficient image quality for appropriate clinical management,
such as the detection of acute hematomas and midline shifting
due to the mass effect in the brain parenchyma [63].

The TUS examination is performed via the temporal approach
with a low frequency phased array transducer. The main struc-
tures needed to be identified on the screen include the contralat-
eral temporal bone at the bottom of the screen and the butterfly-
shaped midbrain in the center of the screen. Lastly, the third ven-
tricle should be identified when the probe is slightly tilted.

In general, two types of brain lesions should be easily notice-
able through TUS [64]. The first is acute hematoma, which ap-
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Fig. 5. Acute hematoma. (A) Computed tomography shows left intracranial hemorrhage with intraventricular hemorrhage. (B) Transcranial ultrasound via
right temporal view shows an echogenic mass on the bottom of the screen (arrows), which is identified as intracranial hemorrhage on the same patient.

Fig. 6. Midline shifting with acute hematoma. (A) Computed tomography shows shifted midline compressed by left subdural hematoma. (B) Displaced
third ventricle (arrows) with acute hematoma (asterisk) is shown on the transcranial ultrasonography with the right temporal approach.

pears as an echo-enhancing mass within the brain parenchyma
(Fig. 5). The second is a midline displacement in which the third
ventricle is displaced in the opposite direction due to the mass
effect (Fig. 6). However, given that the skull becomes thicker with
age, resulting in the attenuation of ultrasound waves, insufficient
image qualities are obtained in approximately 5% to 20 % out of
patients [65]. Although recent attempts have been made to in-
crease the diagnosis rate using contrast agents, future studies
will be necessary to overcome these limitations [66).

POCUS IN CARDIORESPIRATORY ARREST

During cardiac arrest, POCUS is primarily utilized to guide proce-
dures, immediately identify and treat reversible causes, monitor

Clin Exp Emerg Med 2023;10(4):363-381

the quality of chest compression, and predict outcomes [67,68].
POCUS can be considered as an additional evaluation method in
cases when the operator is highly skilled and its use does not im-
pede chest compressions [68,69].

Although quantitative capnography has been considered the
gold standard for confirming endotracheal tube placement, its
sensitivity decreases in prolonged cardiac arrest [70-72]. Thus,
physicians have attempted to use POCUS to confirm endotracheal
tube placement, with their findings showing reliable accuracy [73-
76). In particular, real-time confirmation showed higher accuracy.

Central venous access can be considered in cases where intrave-
nous access through subcutaneous veins is difficult or extracorpo-
real cardiopulmonary resuscitation is required [77]. Conventional
central venous access has several disadvantages, including interrup-
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tion of cardiopulmonary resuscitation, technical difficulty, and sev-
eral complications [78]. Ultrasound-guided central venous access
can greatly increase stability, accuracy, and efficiency [79-81]. Ul-
trasound-guided supraclavicular subclavian access using an endo-
cavitary probe improves vein identification, anatomical understand-
ing, and procedural comfort following a brief training session [82].

POCUS can help determine cardiac tamponade, left ventricle
failure, pulmonary embolism, hypovolemia, and tension pneumo-
thorax [83,84]. Several protocols have been established to identi-
fy the causes of cardiac arrest (FATE [Focused Assessed Transtho-
racic Echocardiography], FEER [Focused Echocardiographic Evalu-
ation in Resuscitation], CAUSE [Cardiac Arrest Ultra-Sound
Exam], SESAMI [Sonography in Shock and Acute Management in
Intensive Care], ShoC [Sonography in Hypotension and Cardiac
Arrest], etc.) [85-89]. POCUS is best performed in the subxiphoid
or apical window to avoid interfering with chest compressions.
The BLUE and PLAPS (Posterior and/or Lateral Alveolar and/or
Pleural Syndrome) points are used to evaluate the lung, whereas
a subcostal window is used to evaluate the inferior vena cava. Fi-
nally, proximal leg veins are scanned to confirm deep vein throm-
bosis, and Focused Assessment with Sonography in Trauma (FAST)
is performed to identify sources of blood loss.

Some physicians have attempted to determine the prognosis
of cardiac arrest using POCUS. Especially, they found that pulsel-
ess electrical activity (PEA) without cardiac activity was associat-
ed with a worse prognosis than PEA with cardiac activity. More-
over, the likelihood of return of spontaneous circulation (ROSC)
was considerably very low in the absence of cardiac activity on
serial POCUS [84,90]. However, nonserial POCUS demonstrated
poor performance in predicting ROSC.

To monitor chest compression quality, transesophageal echo-
cardiography (TEE) can be a good option. However, TEE requires
performers to be highly trained [67,91]. Recently, attempts have
been made to monitor chest compression quality through TTE
(subcostal or apical window) [92].

More studies are needed to obtain evidence in support of in-
cluding POCUS as a part of the resuscitation algorithms [93].

POCUS IN THE DIAGNOSIS AND MANAGE-
MENT OF SHOCK

POCUS can provide real-time physiologic information for patients
in shock. This approach can also be useful in identifying the cause
of shock, classifying the type of shock, guiding treatment, and
evaluating the response to therapy. Multifocal ultrasonography
can be used for the initial evaluation of undifferentiated shock to
identify the cause and provide prompt treatment [94].
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When using ultrasonography in shock, the main goals should
be to assess the presumed etiology and category of shock and
monitor the real-time response to management to optimize
treatment efforts. Practical tips for using ultrasonography include
performing basic examinations of the heart, lungs, and IVC to
recognize the category of shock, as well as supplementary exami-
nations of free fluid in the abdomen, abdominal aorta, intra-ab-
dominal solid organs, peripheral vessels, and other areas to evalu-
ate the cause of shock (Table 2).

Examinations should be performed using multiorgan views and
windows. Accordingly, cardiac examination should assess left and
right ventricular size and function, pericardial effusion, gross re-
gional wall motion abnormalities, and gross valvular abnormalities.
Thoracic examination should evaluate pleural effusion, B-lines,
and lung sliding. Vasculature examination should assess the size
and collapsibility of the IVC, aorta, and femoral/popliteal veins.

The key ultrasound findings associated with shock are summa-
rized in Fig. 7. Several protocols have been developed for the
evaluation of patients in shock, including the RUSH (Rapid Ultra-
sound in Shock) protocol [95,96], SHoc (Sonography in Hypoten-
sion and Cardiac Arrest) protocol [89], ACES (Abdominal and Car-
diac Evaluation with Sonography in Shock) [97], FATE [85], and
FEEL (Focused Echocardiography Evaluation in Life Support),
among others. These protocols include assessments of cardiac
function, volume, and vasculature [83].

The RUSH protocol involves a three-part bedside assessment of
the pump (heart), tank (fluid status), and pipes (vasculature), with
a stepwise evaluation outlined in Fig. 7 [96]. The ShoC protocol
recommends core, supplementary, and additional views as out-
lined in Fig. 8 [98].

EXTENDED FAST

FAST examination is a noninvasive point-of-care test that aims
to guide clinical decision-making and direct angiographic or sur-
gical interventions. It can be a powerful tool for clinicians, espe-
cially in time-dependent situations such as trauma. Extended
FAST (eFAST) is an evolution of the traditional FAST that incorpo-
rates thoracic window assessment to identify hemothorax and
pneumothorax [98-100]. The physiologic priority of ABCD (airway,
breathing, circulation, and disability) in injured patients should be
assessed using a multisystem, multifocused, problem-based PO-
CUS as an extension of physical examination [101,102]. This ul-
trasound-enhanced trauma life support, called FAST-ABCD, can
provide a considerable amount of important information that
could help the primary physician make critical decisions by sys-
temically combining airway, lung, cardiovascular, abdominopelvic,

www.ceemjournal.org
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Table 2. The key ultrasonography finding for evaluating the category and causes of undifferentiated shock

Exam

Hypovolemic

Cardiogenic

Obstructive Distributive

Cardiac exam
Left ventricle

Right ventricle

Pulmonary exam
Lungs
Pleura

IVC exam

Supplementary exam
Abdomen

Vascular

Hyperdynamic function

Normal or small size

A-line predominance

Pleural effusion (-)

Collapsed IVC

Aortic aneurysm
Aortic dissection

Intra-abdominal hemorrhage

Collapsed veins

Decreased function
Dilated chamber
Valve abnormality?

Dilated chamber?
Valve abnormality?

B-lines

Bilateral pleural effusions?

Distended IVC

Peritoneal fluid in chronic right

or left heart failure (%)

Hyperdynamic function

Pericardial effusion+chamber
collapse

— Tamponade?

Dilated, strained RV

D-shaped septum

— Pulmonary embolism?

Hyperdynamic or hypocontractile
or normal function?

Normal or small size

Absent lung sliding?
— Pneumothorax?

Consolidation pattern or focal B- lines
— Pneumonia

Pleural effusion (%)

— Pneumonia? Empyema?

Pleural effusion (+)
Subpleural consolidations
— Pulmonary embolism?

Distended IVC Normal or collapsed IVC

Peritoneal fluid (+)

Distended internal jugular vein
— Tamponade?
Femoral, popliteal vein thrombus?

RV, right ventricle; IVC, inferior vena cava.

Pericardial effusion

Left ventricular contractility

Right ventricular strain

Hyperdynamic?

Pump (cardiac) Effusion? Normal? Right ventricle size?
? : i ?
Tamponade? Decreased? Septal displacement?
Tank volume Tank leakiness Tank compromise Tank overload

Inferior vena cava
Internal jugular veins
— Size or inspiratory collapse?

Tank (intravascular volume)

Free fluid abdomen or pelvis?
Free fluid thoracic cavity?

Absent lung sliding?
Absent comet tails?
— Tension pneumothorax?
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Fig. 7. Stepwise evaluation using the RUSH (Rapid Ultrasound in Shock) protocol to diagnose the category of shock.

orbital, and transcranial ultrasound findings [103-106].
Additionally, this approach can help determine if the airways
are open and guide procedures like endotracheal intubation and
cricothyroidotomy. It can also provide information on lung contu-
sion and limited hemodynamics. Furthermore, it aids in the dif-
ferential diagnosis of shock and intracranial hypertension. This
method even allows for an extensive secondary survey from head
to toe [103,105]. The indications for the utility of ultrasound in
trauma continue to evolve beyond FAST [106]. FAST-ABCD can be
incorporated into advanced trauma life support [107,108]. Evalu-
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ation using eFAST can provide critical information during the re-
al-time assessment of patients with complex trauma.

POCUS IN PEDIATRIC CARE

Ultrasonography offers real-time imaging without ionizing radia-
tion, making it a safe and effective option in pediatric care [109].
The smaller body sizes, less fat, and thinner abdominal walls of
children allow for high-resolution images to be obtained using
ultrasonography, which can be used for various diagnostic and
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1. Core view: should be completed

Cardiac view (subxiphoid and parasternal long axis): pericardial fluid, gross cardiac size, shape and ventricular function
Lung view (bilateral anterior and lateral chest views): pleural fluid and B-lines
Inferior vena cava view (subxiphoid or transhepatic view): overall diameter, respiratory variation in size

2. Supplementary view: if more cardiac information is required

Other cardiac views (parasternal short axis and apical views): pericardial fluid or cardiac form or function

3. Additional view: when clinically indicated

Abdomen-pelvic view: peritoneal fluid
Aortic view: abdominal aortic aneurysm
Deep vein thrombosis view

Fig. 8. Evaluation using SHoC (Sonography in Hypotension and Cardiac Arrest) protocol.

procedural applications in pediatric emergency care.

Clinical applications of POCUS in pediatric care

Lung and cardiac ultrasound

Ultrasonography is a highly effective diagnostic tool for diagnos-
ing pneumonia in pediatric patients [110], with available evidence
showing its high sensitivity and specificity in identifying pneu-
monia by detecting B-lines, parenchymal consolidation, and
pleural effusion. Similar to that in adults, ultrasonography can be
used to diagnose pneumothorax in pediatric populations. Focused
echocardiography can detect pericardial effusion and tamponade,
assess global contractility, and evaluate left ventricular function
and right ventricular filling [111]. Patients with severely impaired
cardiac function on focused echocardiography may be suspected
to have myocarditis.

Abdominal and testicular ultrasound

Ultrasonography can identify the underlying causes of vomiting
or acute abdominal pain, which are common symptoms in emer-
gency pediatric patients. Serious diseases such as pyloric stenosis,
midgut volvulus, intussusception, and appendicitis can be imme-
diately diagnosed using ultrasound. Furthermore, even novice so-
nographers can achieve high diagnostic rates for intussusception
[112]. In cases of testicular swelling or pain, ultrasound can dif-
ferentiate between various conditions, such as testicular torsion,
torsion of the appendix testis, epididymo-orchitis, and hydrocele.
Ultrasonography can be used to determine the structure and vas-
cularity of the testis. A decrease in the blood flow to the testicles
indicates testicular torsion [113].

POCUS in trauma

The eFAST has been routinely performed for a long time in pa-
tients with chest and abdominal trauma. Unlike in adults, its di-
agnostic usefulness is limited in children, such that a negative

372

eFAST result in children may not accurately rule out the presence
of intra-abdominal injuries [114].

Extremities ultrasound

Ultrasound can be used to detect hip joint effusion in children
who visit the hospital with a limping gait. Septic arthritis and
transient synovitis can be differentiated through fluid analysis by
performing fluid aspiration using ultrasound. Ultrasound can also
be a helpful diagnostic tool in detecting fractures in children. Al-
though radiography has been the primary imaging modality used
for assessing trauma, ultrasound can be useful for evaluating un-
ossified structures, fractures extending to the unossified epiphy-
ses, occult fractures, physeal separation, intra-articular bodies,
ligamentous injuries, and occasionally periosteum trapped be-
tween fracture fragments [115].

Clinical applications in ultrasound-guided procedures
Ultrasound-guided procedures enhance the success rate and
safety of central venous catheter placements [116,117]. It's also
beneficial for securing peripheral blood vessels, detecting foreign
bodies, and performing joint aspirations. When a child gets a
splinter or other small foreign body embedded in their skin, ultra-
sound can help locate the foreign body and guide its removal, re-
ducing the need for more invasive procedures [118].

POCUS IN EMERGENCY CARE

Characteristics of emergency department patients
Emergency department (ED) patients present with a wide range of
problems, from critical emergencies to minor issues that can be
easily treated. However, we currently lack an advanced medical
system to accurately diagnose all patients immediately upon arrival.
Several patients in the ED express their concerns in a disorga-
nized manner. Some patients are unable to communicate due to
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changes in their level of consciousness. Emergency physicians (EP)
are trained to gather information from a brief history and physi-
cal examination, interpret it as clinical manifestations, and form
a hypothesis.

POCUS IN ED

POCUS has become a crucial component of emergency medicine
given its ability to improve physical assessments and provide crit-
ical information to support or exclude hypotheses at the bedside
while awaiting laboratory and imaging results. Attending EPs who
appreciate the clinical features of the patient and perform POCUS
can effectively enhance patient flow and reduce errors.

The role of EP and POCUS

The role of the EP can be distilled into three primary tasks: stabi-
lization, differential diagnosis, and monitoring (of patient status
and procedure). EPs are required to differentiate between critical
and noncritical emergencies, stabilize patients, conduct a com-
prehensive evaluation for differential diagnosis, and determine
the most suitable initial treatment. Furthermore, they need to
monitor the effectiveness of treatments and utilize ultrasound
guidance for procedures. POCUS aids EPs in all these tasks by en-
hancing safety and accuracy, minimizing errors, and facilitating
faster patient flow in the ED [119].

The scope of practice for EM POCUS

In 2009, the ACEP established guidelines for EM POCUS, outlining
its scope of practice, which included 11 core applications and five
functional clinical categories [120]. These categories encompass

Core application

CEEM

resuscitative measures, diagnostic and symptom-based assess-
ments, procedure guidance, and therapeutic monitoring (Fig. 9).
Substantial evidence supports the use of multiorgan POCUS for
evaluating and managing patients with cardiopulmonary or he-
modynamic failure. POCUS using established protocols, can pro-

Assessing organ systems

L} r ‘.
Ocula
—e

Ocular structures

Optic nerve sheath diameter

m Transcranial
Transcranial Doppler

m Thoracic
Pleural effusion, lung sliding, m Cardiac
A-, B-line Chamber size and function,

pericardial effusion, valve,
regional wall motion

m Abdominal
Right upper abdomen, renal,
bowel, appendix, ovary,

bladder ~—

m Testicular
Testicular torsion, epididymitis

Applications in various clinical scenarios

= Emergency care

m Vascular
Inferior vena cava, aorta,
femoral, popliteal vein

= Musculoskeletal
Extremities, bone and joint,
soft tissue

[- Cardiopulmonary arrest ]

ook evaums

[l Ultrasound-guided procedure ’

Peripheral and central line placement, arterial catheterization, aspiration or drainage of fluid
(thoracentesis, paracentesis, pericardiocentesis, arthrocentesis)

Fig. 10. Scope of practice of point-of-care ultrasound. lllustration drawn
by Won Woong Lee.

The role of
emergency physician

Functional
clinical category

Trauma

Intrauterine pregnancy

Abdominal aortic aneurysm

Cardiac

Biliary

Urinary tract
Deep vein thrombosis

Soft-tissue/musculoskeletal

Thoracic

Ocular

Resuscitative Stabilization
> Diagnostic

Differential

diagnosis
Symptom- or E
sign-based
Procedural
guidance

Monitoring

Therapeutic

Procedural guidance

Fig. 9. The American College of Emergency Physicians (ACEP) 2008 emergency ultrasound guideline.
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POCUS application

Life-threatening abdominal pain: ulcer perforation, ruptured organ, mesenteric
infarction or strangulation, abdominal aortic aneurysm, etc.

Monitor intracranial pressure

Monitor the endotracheal tube position

Critical care Noncritical care
Cardiac arrest Scrotal pain
Major torso trauma Soft tissue or musculoskeletal problems
Shock Foreign body
Shock-related symptoms: syncope, dizziness, sweating, mental change, etc. Noncritical abdominal pain: appendicitis, enterocolitis, diverticulitis, biliary colic,
Respiratory difficulty ureteric colic, intussusception, noncomplicated bowel obstruction, etc.
Chest pain Ocular symptoms

Fig. 11. Critical versus noncritical point-of-care ultrasound (POCUS) applications in the emergency department.

vide crucial information for swift diagnosis and appropriate man-
agement in critical situations that demand immediate attention
and intervention to prevent death or serious harm. Such critical
situations include cardiac arrest [86,87,121], major torso trauma
[99,122], shock [95,97,123,124], respiratory difficulty [29,125,
126], chest pain [127-129], and life-threatening abdominal pain.
Noncritical situations such as scrotal pain, ocular symptoms, soft
tissue or musculoskeletal problems, and noncritical abdominal
pain also fall within the scope of EM POCUS (Figs. 10, 11).

While it may be challenging for EPs to provide optimal care for
each patient without causing harm, their proficiency with POCUS
would undoubtedly enhance patient flow and reduce errors.

POCUS IN CRITICAL CARE

POCUS is commonly used in critical care settings, primarily in the
ICU where assessments should be comprehensive rather than ur-
gent. Given that POCUS examinations do not cover the full func-
tional and structural status of patients, comprehensive ultrasound
has been commonly used in the ICU. Additionally, it may be chal-
lenging for ICU clinicians to master all the specialized and profes-
sional skills across various fields. Comprehensive echocardiogra-
phy requires considerably more image acquisition, proficiency,
and experience than POCUS [130]. Thus, ICU clinicians determine
whether ultrasound evaluation is needed and link clinical depart-
ments with experts.

Many ICU clinicians are well-trained to perform specialized ul-
trasound studies. Several coronary care intensivists perform com-
prehensive echocardiography, whereas a few respiratory care in-
tensivists learn lung ultrasound. Hence, ICU clinicians can diag-
nose critically ill patients quickly and accurately with their ac-
quired abilities. A POCUS study in an ICU is dependent on the skill
and experience of the clinician performing the study. Therefore,
the scope of examination can vary based on both the clinician
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and patient admitted to the ICU [24]. Despite comprehensive ul-
trasound study, pleural effusion, pneumothorax, ascites, and deep
vein thrombosis is frequently diagnosed using POCUS [131].

Additionally, intensive care patients may experience sudden
exacerbations of preexisting diseases or complications. ICU clini-
cians should be ready to evaluate and manage any hemodynamic
and respiratory deteriorations using POCUS. Regardless of the
type of ICU or disease being treated, POCUS is crucial for assess-
ing cardiac function, cardiac tamponade, significant valvular dys-
function, and determining the fluid responsiveness of patients in
shock [24]. Given that the heart pumps and beats constantly, as-
sessing its function via the ultrasound can be quite challenging.
Acquiring proficiency in echocardiography demands a significant
investment of time and effort [131].

Catheterization should always be conducted in an aseptic and
safe manner under ultrasound guidance [132]. Furthermore, due
to the severity of their conditions, ICU patients often have limited
transportation. As a result, drainage catheters are frequently in-
serted into various thoracic and abdominal organs at the bedside.

POCUS EDUCATION CURRICULUM
(STUDENTS AND RESIDENTS)

Although academic hospitals have increasingly adopted POCUS,
there remains a wide variability in residency training. The ACEP
published the first guideline for emergency ultrasound in 2001
[120], which had been subsequently updated in 2009 and 2014.
On the other hand, the International Federation for Emergency
Medicine (IFEM) released its POCUS guidelines in 2015 [129].
Both guidelines share similar applications and educational con-
tent, but their scope and methods differ. Educational guidelines
suitable for medical practice are needed in Korea.
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ACEP policy statement

The ACEP categorizes emergency ultrasound into five clinical ar-
eas: resuscitation, diagnosis, symptoms, procedure guidance, and
therapeutic monitoring. There are 12 core applications for POCUS,
including trauma, intrauterine pregnancy, AAA, cardiac, biliary,
urinary tract, deep vein thrombosis, musculoskeletal and nerve,
thoracic, ocular, bowel, and procedural guidance. The ACEP advo-
cates for an educational curriculum that underscores the reasons
for performing emergency ultrasounds and offers hands-on expe-
rience [49]. It is crucial to establish standardized training and ed-
ucation curricula for POCUS in areas such as scope of practice,
competency training, hospital credentialing, specialty certifica-
tion, quality control, and leadership in clinical ultrasound [120].

IFEM POCUS curriculum

The IFEM has established guidelines for POCUS training programs,
categorizing applications into core and enhanced clinical applica-
tions. They emphasize initial introductions through short lectures
and gaining experience in imaging acquisition, interpretation, and
clinical integration [133].

POCUS training in undergraduate medical education

The first national survey of undergraduate medical education in
the United States revealed that ultrasound instruction was of-
fered in 62% of medical schools, predominantly in the third year
[134]. According to the most recent national survey in 2020, 69
medical schools have integrated the POCUS into their training
curriculum [135]. A study that implemented a 4-year ultrasound
curriculum found that its graduates relied more heavily on PO-
CUS than their peers in their respective specialties, and that their
POCUS findings often influenced their case management [136].
POCUS training of EM in Korea

In 2021 and 2022, the Society of Emergency and Critical Care
Imaging (SECCI) conducted a Delphi survey of 50 specialists in
emergency and critical care medicine who used POCUS to identi-
fy POCUS applications they should incorporate into their educa-
tion. The survey showed that domestic guidelines should follow
international trends. However, further research is required to as-
certain the appropriate level of skill trainees should achieve at
different stages of their training.

Beyond acknowledging the significance of POCUS in emergen-
cy medical settings, basic ultrasound education also needs to be
considered. Several educational methods and guidelines are being
developed. At this point, we believe it necessary to establish
guidelines for standardizing education in Korea.

Clin Exp Emerg Med 2023;10(4):363-381
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FUTURE PERSPECTIVES AND BEYOND

Currently, POCUS helps physicians diagnose and treat patients in
real-time. Advances in POCUS have revolutionized EM, critical
care, and severe trauma.

Beyond EDs, ICUs, and trauma centers

In various medical settings, POCUS could revolutionize diagnosis
and treatment. In the future, POCUS may be applied to primary
care clinics, ambulatory surgery centers, patients' homes as well as
EDs, ICUs, and trauma centers. As handheld devices become more
advanced and lighter, they will become increasingly useful in areas
such as prehospital emergency medicine, disaster relief, and war
zones, where access to healthcare facilities may be limited.

Future perspectives

POCUS has become a valuable tool for healthcare providers to
perform rapid assessments in clinical settings, particularly for ne-
onates and children who may not have easy access to conven-
tional imaging. In many emergency and critical care situations,
this device provides real-time imaging and diagnostic capabilities
near the patient's bedside, aiding in prompt and accurate diagno-
sis [137]. As handheld devices become more advanced and light-
er, and as equipment and enhanced training programs become
available, POCUS is expected to become an integral part of early
patient care.

CONCLUSION

POCUS is a versatile and valuable tool in emergency and critical
care medicine. It provides real-time clinical information and en-
hances diagnostic accuracy. With the development of portable
ultrasound devices, accessibility has expanded. Various applica-
tions of POCUS have demonstrated significant clinical benefits.
However, appropriate usage and proper training are crucial to en-
sure patient safety and reliability. Guidelines and educational
curricula are essential for standardizing POCUS training. As tech-
nology and training programs continue to advance, the effective-
ness of POCUS will only increase.
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